Sorption kinetic models：
The kinetic data of Pb(II), Cd(II), Cu(II) and Zn(II) sorption onto BC@MnO2-26.6
were analyzed using two widely used kinetic models, the pseudo-first-order model, the pseudo-second-order model and the Webber-Morris model. The pseudo-first-order kinetic model is described as equation (1) 
where qe (mg g -1 ) and qt (mg g -1 ) are adsorption capacities of Pb(II), Cd(II), Cu(II) and Zn(II) at equilibrium and at time t (min), respectively, and k2 (g mg -1 min -1 ) is the second-order sorption rate constant.
The Webber-Morris model is described as equation (3) [3]:
where qt (mg g -1 ) is the amount of adsorbed Pb(II), Cd(II), Cu(II) or Zn(II) at time t (min), ki (mg g -1 min -1/2 ) is the diffusion rate constant and Ci is the intercept which provides an idea of the boundary layer thickness.
Langmuir isotherm model：
The isotherm data of Pb(II), Cd(II), Cu(II) and Zn(II) sorption onto adsorbents were fitted to the Langmuir model according to the equation (4) 
Thomas model:
The Thomas model is used to predict the column breakthrough capacities. The linearized form of the Thomas model is as equation (5) 
where Cin and Cout are the influent and effluent, respectively, kTh is the Thomas rate constant (ml min -1 mg -1 ), qm is the maximum adsorption capacity (mg g -1 ), Q is the flow rate (mg min -1 ), m is the mass of adsorbent (g), and t is the adsorption time (h).
Mn(IV) content determination procedures:
Firstly, total Mn content was measured by dissolving 0. 
